Acute salpingitis complicating cervical gonococcal infection is a significant cause of infertility. Relatively little data are available concerning the pathophysiologic mechanisms of this disease. Clin. Invest. 1994. 93:1748-1755.
Introduction
One of the principal reasons for the importance of Neisseria gonorrhoeae as a health concern is its adverse impact on the reproductive health ofwomen. Both mathematical models and empirical data suggest that gonococcal infections exert a strong influence on human population growth (1), particularly in de-veloping countries. In sub-Saharan Africa 5-10% ofasymptomatic healthy women have gonococcal cervicitis (2) . A woman with a gonococcal cervicitis is at high risk ofdeveloping ascending infection, acute salpingitis, and its subsequent complications. The frequency of salpingitis during gonococcal infection is thought to be between 8 and 10% (3) . Fallopian tube infection commonly results in scarring with consequent infertility; 15-40% of women develop tubal scarring after an episode of salpingitis (3) . Ectopic tubal pregnancy, with its risk ofdeath, is another severe consequence of acute salpingitis. The overall frequency ofectopic pregnancy after an episode ofacute salpingitis is unknown, but the contribution of ectopic pregnancy to maternal mortality worldwide is considerable (4) .
The pathogenesis of gonococcal salpingitis is incompletely understood. Factors that increase exposure, the risk of infection, and the likelihood of salpingitis in the event ofa gonococcal infection are all steps in the causal pathway of gonococcal salpingitis (5) . A variety of risk factors that operate at discrete steps in the causal pathway have been described. Some risk factors operate at multiple steps in the causal pathway but not necessarily in the same direction. Certain organism or host factors such as gonococcal strain characteristics (6), younger age, race, the stage in the menstrual cycle, wearing an intrauterine contraceptive device, and practices such as vaginal douching (7) have been associated with higher risk of acute salpingitis. Other factors, such as hormonal contraception, have been associated with a reduced risk of gonococcal salpingitis (8) . Most of these described risk factors for gonococcal salpingitis operate on the exposure or infection steps. For instance, sexual behaviour and possibly ethnicity act through increasing exposure rather than involvement in the pathogenesis of salpingitis. Overall, we have very little understanding of why one woman develops acute gonococcal salpingitis while another has an uncomplicated course of infection.
Understanding the pathogenesis of gonococcal salpingitis and potential immune defence mechanisms could lead to new strategies that prevent this disease. There has been only one study of how immunity affects the likelihood of salpingitis during gonococcal infection. In this study, of 9 women reinfected with a strain of the same Por type, none developed salpingitis, whereas 5 of 10 women reinfected with a different Por type developed salpingitis (9) . However Laboratory methods. Specimens for N. gonorrhoeae culture were immediately inoculated on modified Thayer-Martin media, transported to the laboratory within 3 h, and incubated at 370C for 48 h. N. gonorrhoeae was identified by colony morphology, Gram stain, and oxidase reactivity, and later confirmed by determination of nutritional requirements. Cultures were stocked frozen in skim milk with 10% glycerol for later serotyping. Por serovar determinations were performed using the monoclonal antibody typing system of Knapp et al. ( 12) .
Five Por serovars (I B 1, 1B3, 1B5, 1A4, and 1A6) comprised 81% of the serovars in the population. The potential role of outer membrane protein antibody in mediating resistance to gonococcal infection was assessed by determining the frequency ofserum antibody at enrollment to the three principal outer membrane proteins (Por, Opa, and Rmp) of these five Por serovars circulating in the population by immunoblot. Standardized whole-cell preparations of 18-h cultures of each serovar were solubilized by boiling in SDS and 2-mercaptoethanol. Antigens for each serovar were prepared in a single large batch and frozen in aliquots for later use. Subsequently, antigen preparations were separated by SDS-PAGE on 12.5% gels (13) and transferred to Immobilon P, PVDF membranes (Millipore Corp., Bedford, MA) by electroblotting ( 14) . To remove potential cross reacting antibody specific for other organisms, sera were preabsorbed with 100 jig each ofwhole cell preparations of N. sicca, N. meningitidis, N. lactamica, Haemophilus influenzae, H. ducreyi, and H. parainfluenzae at 40C overnight followed by centrifugation to remove the organisms. Membranes were preblocked with a 5% skim milk in Tris-buffered saline and incubated with absorbed sera overnight at 4°C. Immunostaining followed standard protocols using goat anti-human IgG conjugated to horseradish peroxidase (Jackson Immunoresearch Laboratories Inc., West Grove, PA) and diaminobenzidine with cobalt chloride (Sigma Chemical Co., St. Louis, MO) (15) . Biotinylated and prestained molecular weight standards (Bio-Rad Laboratories, Richmond, CA) were included on the blots. Blots were read visually by an observer blinded to the results of clinical and epidemiologic studies. Molecular weight standards and monoclonal antibody, all Opa specific (donated by Dr. Milan Blake, The Rockefeller University, New York), were used to determine the antibody specificity ofantigen antibody reactions. To confirm the heat- 
Results
The 243 study subjects were followed for 1-38 mo In Fig. 1 Immunity Against Gonococcal Salpingitis 1749 (Fig. 3) . The risk of salpingitis per episode of gonococcal infection was reduced with antibody to increasing number of Opa variants. There was a stepwise reduction in the proportion of gonococcal infections with salpingitis and the relative risk of gonococcal salpingitis with increasing antibody to Opa variants. The relative risk for antibody to 7-9 Opa variants was 0.28 compared with women with antibody to 0-3 Opa variants (95% CI, 0.16-0.5; P < 0.001), and 0.86 (95% CI, 0.62-1.2; P = 0.42) for antibody to [4] [5] [6] Opa variants compared with antibody to 0-3 Opa variants. Comparing the extremes of frequency of antibody to Opa variants, the relative risk of salpingitis per episode of gonococcal cervical infection was reduced almost 10-fold in women with antibody to all nine Opa variants compared with women with antibody to 0 and 1 Opa variants (RR, 0.13; 95% CI, 0.02-0.91; P < 0.01).
30 women had more than one episode of gonococcal salpingitis. Antibodies to more Opa variants was related to reduction in the risk of recurrent gonococcal salpingitis. The relative risk of more than one episode of gonococcal salpingitis was 0.61 (95% CI, 0.3-1.2) and 0.09 (95% CI, 0.01-0.65) for 4-6 and 7-9 antibodies to Opa variants compared with 0-3 antibodies to Opa variants, respectively.
In examining the relationship of antibody to Opa variants and other identified or potential risk factors for gonococcal salpingitis and potential confounders, we found no relationship between antibody to 0-3, 4-6, and 7-9 Opa variants and age, the number of study visits, the duration of follow-up, the number of gonococcal infections, the number of sex partners per day, oral contraceptive use, the use ofother contraceptives, and the use of condoms. There appeared to be an inverse relationship between the frequency of antibody to Opa variants and HIV-1, with 89, 77, and 65% of women with antibody to 0-3, 4-6, and 7-9 Opa variants, respectively, being HIV-1 seropositive, but this was not statistically significant (P = 0.76, x2). The duration of prostitution was highly correlated with antibody to increasing number of Opa variants. The mean duration of prostitution was 36.4±40.3, 39.7±35.8, and 59.3±53.7 mo (±SD) among women with antibody to 0-3, 4-6, and [7] [8] [9] Opa variants, respectively (P < 0.004, analysis of variance).
To assess the independent contribution of the identified Immunity Against Gonococcal Salpingitis 1751
Percent of women with gc PID Relative risk most 10-fold in women with antibody to all nine Opa variants compared with women with antibody to less than one Opa (RR, 0.13; 95% CI, 0.02-0.96; P < 0.01). There appeared to be a dose-effect relationship; the risk ofgonococcal salpingitis decreased incrementally with antibody to increasing numbers of Opa variants. Although there was evidence for some reduction ofthe risk of salpingitis with antibody to all but one ofthe Opa variants expressed by the study serovars, the reduction in risk was variable and only statistically significant for antibody to two Opa variants. This again suggests that the overall protective effect observed was cumulative. The protection against salpingitis did not appear to be related to protection against gonococcal infection, as antibody to Opa variants had no effect on the frequency of gonococcal infection (1 1). There appeared to be no behavioral or physiologic explanations that could otherwise account for this protection. The protection also appeared to be specific, in that there was no discernable effect of Opa antibody on the occurrence of nongonococcal salpingitis. While Rmp antibody was found to increase the risk ofgonococcal salpingitis, much of the increased risk appeared to be related to the increased frequency of gonococcal cervical infection, as previously reported (1 1). There was no effect of antibody to Por and the occurrence of gonococcal salpingitis.
Opa was initially described by Swanson et al. (18, 19) in relation to the colony opacity phenotype. All clinical isolates of the gonococcus express Opa ( 19, 20) and subsequent work has shown that Opa is one of the adhesins of N. gonorrhoeae (21, 22) , mediating attachment of the organism to epithelial cell surfaces and also interbacterial adhesion. The gonococcal pilus is probably responsible for initial attachment (23, 24) , and Opa for more close attachment (25) . Opa expression has been demonstrated to confer resistance to killing by normal human sera (26, 27) and to enhance gonococcal killing by polymorphonuclear cell (22, 28) . Opa undergoes both phase variation in that it may or may not be expressed by individual organisms at different times, and antigenic variation, with the repertoire of Opa variants expressed by any one gonococcal strain being diverse (29) . The rates of change of Opa by individual gonococcus appears to be very rapid both in vitro and in vivo (19, 30) . A single gonococcus may possess as many as 11 or 12 distinct opa genes that are constituitively transcribed, expression being regulated at transcription (31) (32) (33) . The number of different Opa expressed by a given gonococcus is limited by the number of opa genes. However, there is evidence that the repertoire of hypervariable and immunodominant domains of Opa is more limited than the overall number of opa genes (31, 34) . Six unique gene sequences from both the first and second opa hypervariable regions have been identified and these sequences appear to widely distributed among gonococcal strains (31, 34) . The diversity ofOpa and the genetic energy invested in it by the organism suggests that it is an important determinant ofpersistence ofthe gonococcus in its niche in the human genital tract. Phase and antigenic variation of Opa may be mechanisms whereby an individual organism evades developing host immune defenses to a component of the organism critical to the infectious process (24, 35) . These phenomena may be of importance to the ecology of the organism, in that by prolonging infection, they increase the probability of transmission to new susceptibles.
Opa increasingly appears to be important in the pathogenesis of disease from gonococcal infection. Opa is necessary for endocytosis of the gonococcal cell by eukaryotic cells (36) .
Escherichia coli expressing gonococcal Opa have also been found to invade cervical and endometrial cell lines (37) . This may have relevance in the pathogenesis of gonococcal salpingitis. In a fallopian tube model of gonococcal salpingitis, transcellular migration of gonococci with the establishment of infection in the lamina propria has been observed (38) . Perhaps the organism adopts this strategy to avoid host defences or in a quest for limited nutrients, such as iron. More recently specific Opa have been shown to mediate gonococcal attachment to fallopian tube tissue and mucosal damage (39) .
The mechanism by which antibody to Opa reduces the risk of gonococcal salpingitis is not clear from this study, although the resistance to gonococcal salpingitis conferred by antibody to Opa suggests that Opa is a key determinant in the induction of gonococcal upper genital tract infection. Perhaps an adherence process or endocytosis mediated by Opa results in the establishment of salpingitis, the sequence of events being gonococcal adherence to the fallopian tube mucosa, endocytosis, transcellular migration, and finally establishment of infection in the submucosa. If this model is correct, antibody to Opa variants could interfere in the pathogenetic pathway of gonococcal salpingitis by preventing the occurrence of transmucosal spread of the gonococcus. As a role of antibody to Opa in mediating killing of gonococci has been described (26, 27) , another potential explanation is that antibody to Opa participates in the killing of N. gonorrhoeae in the upper genital tract.
The known antigenic diversity, Opa together with the stepwise increase in protection against gonococcal salpingitis observed with antibodies to greater number of Opa variants, suggests that the protection is derived from antibody directed at surface-exposed variable domains of Opa that are known to immunodominant (40, 41) . There is no evidence in this study that antibody to a common epitope mediates the observed protection. However, this model does not accord well with in vitro studies. Different Opa appear to mediate adherence to different cell types. The recent work by Weel et al. (36) indicated that only one of the initially many Opa types was expressed by intracellular organisms. The authors hypothesized that perhaps only certain Opa types can mediate the attachment or induce the endocytosis required for cellular penetration. If this hypothesis is correct, an alternative interpretation of our study may be that the increased protection observed with increasing numbers of antibody to Opa subtypes indicates that with greater experience with gonococcal strains, there is an increased likelihood of developing antibody to one or a few Opa subtypes that mediate cellular penetration.
Opa has been previously linked to gonococcal salpingitis (42). Gonococcal isolates from the upper genital tract of women less frequently express Opa than those from the lower genital tract. This seemingly contradicts the most likely mechanism whereby antibody to Opa acts to protect against salpingitis. Perhaps after the establishment of infection in the submucosa, the expression of Opa is no longer necessary. Alternatively, if the protection observed in this study is mediated through a bactericidal mechanism and antibody to Opa develops during gonococcal infection, perhaps strains that do not express Opa and ascend the genital tract by other means are selected.
The absence of any discernible effect of antibody to Opa variants and the risk of gonococcal cervical infection implies that Opa-mediated adherence and endocytosis are not essential for the establishment of infection. The process of the initial Immunity Against Gonococcal Salpingitis 1753 establishment of infection may be mediated by other ligands such as pilus.
The other risk factors for gonococcal salpingitis identified in this study were younger age, a shorter duration of prostitution, and HIV infection. Young age and duration of prostitution appeared to be related to the frequency ofantibody to Opa variants and may reflect the accumulated exposure to gonococcal strains and immunologic experience with Opa variants. This is supported by the strong association of the frequency of antibody to Opa variants and the duration of prostitution.
HIV infection has been reported as a risk factor for salpingitis in the past (43, 44) but not in prospective studies. In this study, women who were initially HIV seropositive or who seroconverted during follow-up were at higher risk of gonococcal salpingitis (adjusted OR of one or more episodes, 4.2; 95% CI, 1.2-14.8; P < 0.05). It seems likely that HIV infection acts to increase the risk of gonococcal salpingitis by its effects on the immune system. There was an inverse correlation between the repertoire of antibody to Opa variants and HIV infection. One mechanism whereby HIV may exert its effect on the occurrence ofgonococcal salpingitis may be a reduction in the acquisition of antibody to Opa variants. Gonococcal infection may be added to the list ofinfections that are more frequent or more severe in the presence of HIV infection.
The strong association of gonococcal salpingitis with nongonococcal salpingitis is interesting. The strength ofthe association suggest that salpingitis from which N. gonorrhoeae was not isolated is either caused by N. gonorrhoeae or that common risk factors (which were not identified in this study) cause both gonococcal and nongonococcal salpingitis. Ifthe former is true, then nongonococcal salpingitis may represent a sequela of gonococcal salpingitis. If the latter is true, then the risk factors for Chlamydia trachomatis salpingitis, the most likely bacterial cause of nongonococcal salpingitis, and gonococcal salpingitis are quite similar. Continuing studies ofthis population are now examining the epidemiology and biology of C. trachomatis salpingitis.
The generalizability of these results deserve some comment. While prostitutes are probably not representative of all women, there are several advantages ofstudying this particular population of women. The population is relatively homogeneous (ethnically and demographically), resides in a geographically distinct location (minimizing any effect of gonococcal strain prevalence on the frequency of salpingitis), and has very high prevalence and incidence rates ofcommon sexually transmitted infections. All women sell sex, which minimizes the effect of differences of sexual behavior in determining risk of sexually transmitted diseases. Finally, because infections with N. gonorrhoeae are frequent, the effect ofdeterminants ofcomplications such as salpingitis may be more readily observed.
Gonococcal infection remains an important human pathogen, accounting for a large proportion of the morbidity and mortality ( 
